A three-axis flight simulator by Mason, M. G.
General Disclaimer 
One or more of the Following Statements may affect this Document 
 
 This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 
 
 This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 
 
 This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 
 
 This document is paginated as submitted by the original source. 
 
 Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 
 
 
 
 
 
 
 
Produced by the NASA Center for Aerospace Information (CASI) 
https://ntrs.nasa.gov/search.jsp?R=19750024989 2020-03-22T18:46:41+00:00Z
I	 -	 I
U^
rl
'TAS lk -r p - l u	 A TN p F — PYTS ° f I ;HT	
y'► 9-33 62
;Trf1LhTO p r enal n oror+ (rontrav r s loprz
e"orp., vittshttrlh, ra.)	 uR p Hr $3.15CSCL tun	 Unclas
r,3/^9 u22C3
^^^1
6 ^ l le^y^
G r ti
ContravesGoerz
Corporation
301 Al; 9-vi Dr yr Pittsbul yl1 Pa 15238
The AiT encan SubsOary of Contra
Oerhkon-Buh6e Holding
otttp wade ortuohlo of the otupwtte o f . and tot tht Po Potot at, CONTRAVFS GOF At CORPOPIAl ON . Subtd,r te of Ct1N1 RAW AG, OF NI 14000 RONRI F 1101,DING It 11-1to
,led to ante Ih. gi Pe ti te. not U"d lot ante 0. 1 0011 of hat	 anthin that lot h,ch n h	 Wot ENn moot aOOU to tech, W,thoul the tpoc.b, anti lion cPblinl of MIT AAVFS-GOF RI COR P ORA II Off.
TT-e An-cy can Subsidiary of ContF-aves AG, C ierlikon-Mix io Holding
tan. t
C	 t
^ •c
i
	
FINAL REPORT
FOR A
THREE-AXIS FLIGHT SIMN ;ATOR
TR-3547
I
t
t l .
FINAL REPORT
FOR A
THREE•-/AXIS FLIGHT SIMULATOR
' (S.O.	 K00213)
I CONTRACT NO. NA58-31018
ei
rROJECT ENGINEER: Michael Go Mason
TR-35471
Prepared for
NA _1AIMSFC
Huntsville, Alabama
1
The Imis-1.0m Confirmed harem N bermd Tede eredobte at the ProPertr of, and for the PmPntoo of. CON T RAVES-GOE RI CORPORAI ION. Subsd,err of CON 	 RAVES AG, DE Rl1M ON lU N RCE NO  DING It Cam— be
leedully HY r odvted rn enr torn not drW l sped Io emy Ihrrd PertV, nor used for any Pur	 so other then that fu r wh.th d hot boon made ev80e01e to Vou, WOW the Mot rf, t moten tumsent of CUNT RAVES -GOI RI COMPU14A 1104
The Arr*w-irw Sibsidikuy of Gontiavr s AG, Oculikon BLHAe Fk)lding
Y_
\
^
^ =R^J
^
1.0
2.0
^
3.0
^
TAL^^^ uF CONTENTS
PAGE
INTRODUCTION 	 l—1
SPECIFICATION SUMMARY	 -------------------------------- 3-1
2.1	 MEC1170qICAI, 	 ------------------------------------ 3-1
2.1.1	 OUTER AXIS	 --------------------------- 2-1
3.1.2	 MIDDLE AXIS	 -------------------------- 3-3
2.1.3	 INNER AXIS	 --------------------------- 2-3
3.2	 ELECTRICAL	 ------------------------------------ 2-4
2,2,1	 POSITION M0DC	 ------------------------ 3-4
2.2.2	 BATE '1]DE	 ---------------------------- 2-4
2,3,3	 DATA READOUT	 ------------------------- 3-4
TEST RESULTS	 ----------------------------------------- 3-1
APPENDIX A	 ACCEPTANCE TEST PLAN FOR MODCl, 158
THREE—AXIS TL8T LABL2
n=~*^"im gentoo~wf1w_"beimme=fte^°°,~~OP=.#f,°, It, ,~~~.rol^Cwm""mv-Cx Oil toAP^NA,^w 	 ctx.,°wm"^G.m"L.w**m°.'w.mw`^ .... bi
lowfull, eapiad,cod in 1mW 40im nor d—Itted 1. s-v 1h.nd Petv -., t.J to, 6.v w^ow o,h., thon lt,ot to, wh-ch 41 hot boon mods ^&Jrtls 10 V", W -40 144 1W'fK — .. co ,.- ,- t CONTRAM Go( AI COMPURA 1 1014
11v Ajnmn^ Sub^kry (,' Ccntra^ AG. CodikinEP Rylt`Hoidwig
Tns enlpmsero^ e"to, g od e.tom n 6 ^ 4 n.d. nnd.Ms of ens ocoonte of_ .,.d for tho 0, , pms1 o f . C0161 AWS GUI RI COR P ORAIii N. I.OIMV t 1 of CONi RAVE S AL, Of RUttOR !UM
W.I., n0toduad m ony form nu d--Ipd a o , v shad Ipq, Doc mod fm oar ou , P.w ol n.( fho^ that to, wA,cn n A. 1 6— .,.do wwNN to sou . en snout mo towd., wnro. t. ,.oet of C011111
Tho An-vxran SU)sidkvy of Gonti-aw s AG, Oerhknn-B A-vte F-k_Ic!iM
U. —
TV -3547
/	 FINAL REPORT
C	 FOR A
THREE-AXIS FLIGHT SIMULATOR
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t1.0	 INTRODUCTION	 The equipment, Model 158-0070, shown
in Figure 1, is a three-axis simulator
for testing and evaluating inertial
measuring units and flight platforms.
Each axis is independently digitally
controlled by manual or computer co ►r-
mands in either Position or Rate modes.
The inner axis is equipped with a 30-
inch diameter cast aluminum ta;)le top
which is capable of continuous rotation.
Electrical access to the test package
is by connectors on the table top which
provide 100 lines for experimental use.
The system was shipped at the end of
May 1975 and installation was completed
in the second half of July 1975.
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2.0	 SPECIFICATION SUMMARY
2..1 .	 MECHANICAL
2.1.1 OUTER AXIS
Range
Orthogonality
Wobble
Bearings
Torque Motor
Position Readout
Fine
Coarse
Rate Readout
Transducer
Ripple
Scale Factor
1950
5 arc seconds
5 arc seconds
Precision ball
300 ft-lbs
12-inch Inductosyn
720 polas
2-pole resolver
DC Tachometer
0.1%
9.5 ±1 v/rad/sec
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2.1.2 MIDDLE; AXIS
Range
Orthogonality
Wobble
Bearings
Torque Motors
Position Readout
Fine
Coarse
Rate Readout
Transducer
Ripple
Scale Factor
±1700
5 arc seconds
5 arc seconds
Precision ball
33 ft-lb, total
12-inch Inductosyn
720 poles
2-pole resolver
DC Tachon
0.1%
9.5 ±1 v/
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2.1.3 INNER AXIS
Ranqu
Orthogonality
Wobble
Bearings
Torque Motor
Position Readout
Fine
Coarse
Rate Readout
Transducer
Ripple
Scale Factor
Infinite
5 are seconds
5 arc seconds
Precisicn ball
16 ft-lbs
12-inch Inductosyn
720 poles
2-pole resolver
DC Tachometer
0.1%
9.5 ±1 v/rad/sec
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2.2	 ELECTRICAL
2.2.1 POSI:'ION MODE
Range
Inner Axis 360 degrees
Middle Axis 390 degrees
Outer Axis 190 degrees
1
1
Resolution 0.0001 degree
Accuracy <5 arc seconds
0.1 arc second1 Repeatability
rate,	 direction 10°/sec,	 least
I
Slew
distance path
T 2.2.2 RA'I'L: MODE
Ranges	 (CW/CCW) 0 - 99.99 degrees/second
0 - 9.999 degrees/second
0 - 0.9999 degree/second
0 - 0.09999 degree/second
Resolution 0.016 of	 full scale
Accuracy ±5% of command
l •
2.2.3 DATA READOUT
M1
Position 1)	 Visual Display
2)	 Computer addressable,I
TTL compatible
3)	 1 0	 pulse
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Hewlett Packard counter using
1 1 position pulses displays
inverse or direct rate.
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3.0	 Tr.ST RESULTS	 The results of the acceptance test
on the Model 156-0070 Threc-Axis
Test Table (TP-3520) are presented
in Appendix A.
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SECTION I 
STANDT.RD TEST PROCEDURES
(ELECTRICAL)
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that it is f.tati.onart.•.
2. Connect the output of the analyzer to
1C4 on the! COAI SE/P I0". st.• i tch card vi
with the sa;re values as I? ?
 . Cr 1 , and
f.or +0..1 ° (aprr.oxil"ately +5 V) .
3. Connect. TP5 on the coarse fine switch
frequency response i:nalyzer.
Mcasu. e and roeord the amplituc e and phase of the output si a-
nal at suitable freyucncies. Record the 3-d1.) paint bandwidth.
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1.	 Tine Interval Cuunter
Proc •O hre:
1.	 Scrvo the axis under test in the , r.1, 1 - rlocle, command 99.99 °/sec I
	
f	
and measure the ti rc, for 10 pulses.	 i
?..	 Repeat the test for 9.999, 0.9999, 0.09999`'/sec.
	
j	 3.	 Verify rate operation below 0.0n5^/sec by commanding pro-
ciressivcly lower rates and o')scrvinr the position display.
4.	 Set rate trip for operation at 100°/sec C1^./CCt9. 	 1
;.	 Measure zinc] record the tech scale factor.
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The purpose of this tort i:; to deturrai ne the stall acre] cratio-. ^ _
an axis, i:nd alto u:Zy o'.:hcr acceleration at any of hur point in
rate Vor.,, :. time p)-of ile when a stc-p rip e	 i:: a pplied.	 :5
uscable in testing for specifications which c A11. for:
1) Stall acccleruti on
2) hvcr:.(fo ti;mc7 to deco] era.te to a velocity
3) A _ e -el.c:ration and deculrration control_ with i:ccuracy rcgLi c- - r-. - _
In ac:di.ti.on, since it li:rge s;t:cp co lL17i:17c?is apt"lied to the ser.• c 	 _
test is use.:.lble for establiOlinq the lcvcls of current. ]init	 _mac
system: t•:}1cI:
	 have barn inco.porat•eci in the power
circuitry il s wcl^ as dissipation limiting.
TEST ;,CCUF: !" CY CO3-,SID''" :TT0':P)
The i:ccC_ oration n.eLsurinq accurLcy of t}lis to :'t is; limited h"."
i.-nd the accuri.cy w;.,.t}7 whic: •, the ri:;(_ out; •..,.
factC`" of the esui;" :nunt: is 1-mo% .m.	 %,.Sf7LU-i_;7C t: }'. F: t: it rate cF:i	 i_-__
test: liar, ))cc-, n	 (STP —f -_7.7_l) for Cxi. -.n lr, the
tiACh SCaJ .0 j.i:ctor anO t)'e e :::^11t tlC: e
 error of t}iC' S tra r) C^:nr '^ 1': _ _:. __
in I11ei_s,urinU rate
	 not :}E: an accuracy 1- actor  in 'p hi!; test,
1 Gi1V1:71 on j
 y t.hc ] nI -.ccujr _cy du(- to the ti.T' ing of t:hc- stri p c:.:-
recureer.
	 It is	 t::iit: the ti.I:ie calibra t i on of the s __ •
chiir, record er shculd be vet. i_ii.c:d prior,
	to co, c,Ictinc: the test- , :.n
o.-der to obtain a hna:rledc;c: of this; scale factor.
	 r
In genera l_, the spctci.fi.cati c. ,. accuracy of the ac-ce) c_ atior. '':: do a
the nei.q_!1Lorhood of l to	 c•:hich is within U;c rr.ngc of t•r.c.
chart recorder accuracy tiTl(-.
	in genural, str4.p 
that
_::CCr:.r=
not be i:dcoquatc.	 I rv, CZ:i^ lltUC^ [^
 t.'hec::);	 N(,tL l-h
calibrat.lons ijrC Crc:7Crc.11^' 1'.:::re i GCuI"i".:.C' t :ian this.
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'1'}l l' t 'Sit CUeli_)):`tC:nt: 1'('f111i I"(::^i 	 for tali.`: t:(.nt ary a stri p C-P:'_
recorder and the. contr'oll(:r..
If the con troI ) er i ^; not	 %7i th ri r•<<:nu^: I' i nput , an aLX1
mean!; of providing. ntep rate Co:rj]:a11(;:: if; rc:qui rcd.
'i'l'r"' }> lilil:!Ii"i'1'? `1%': j''i „iTiOl7 1>.'•:^tlIRt^Itl'!;TS
The call for t:hi -: sti:r:c:ard s,tc}-) procc dll. o in the final te,t
Ca tlon should i%cl uce the 1'F:tG:3 to hC' CO » tF1::Qi C1 	 t}lc f;: S C C1 : 1Ci^ ^_C..
of c.CCC) urFltion all(] CIC C::• ] orationp^lr.i~r,^^t.er^ (either i n time tc
rate_: U: in peak ,iF1J 1 acccl.rrata.un or. ave: • rr:-c ace!cicr^tio^/c 'r -
If the feet: s used to verify acr.elerat.i.on/dcceleration cali:..._ _ ::is
levees r, th(_^n t}le test: sllr)u?cl specify 
for i}](' c'O)ltrol].E:r-, i'!lc) the uCCI]raCV	 ficcitionG of It-
F:JId Cj CC(!lcja,- ic', :"] Fjee ;ur'c'_):lC:nt at each of the settin Ts.
CF.: U t.! C'lls .
011	 with j invited z.iwular rtrnq(:, such as rate t ti7! C
1:] { l l 	 C!3 gC)i)1C i`o a .:ot.utiIla 1icrl",)er wii::lout :'li)? 	-,`%"S!	 •_ .. -
fl})C)u^.(^ ll(' ta,, -.en -,.o mil, :o surc,. t}10 t t}: ,, i.ccc -A crat1_C)' 
11f	 C:^ F::l1F.Z.0 r un!--, o What. the stops 1:11.1 	 liC)i l7C J'Ci C:i( u
the t(>s:ts.
1)	 l ,ri.cr to rurn-I ng t?:is test,
I imit ad ust!,le;.t, have been
Initi^utirq the test. Tf it
11C. used to Set
accul-acy o` t}lc^ sstr i}^ chart
and start at the lot•, end of
it should hz., ver.ifi.ed th y..- t':c- c_
!)cr.ioi:Ieci on this unit prior _c
hi_s not been perfoir:)ed, t::i,s tc= _
limit adju:,::J=tent_ keep , ilq
recorder.	 If this is dc!-. , 	_
the adjustment (see r.^a^:^4-'_) .
Tl':,T PROCEDURE"
1.)
	
	
Book Up the sy-s tc'm 11`1<:1?r t:C: t ^': i t.}1 the tert equa_p:aent F.	 n
t}1L f 1 cure
2) p l^-:ce the system in t_hc proper operat-i nc. mocir: by follo:. J :' 
manual.
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?)	 For lrato.. tablC: :;1:;tC;q::, .`•.(,t. up the strip chart recorder, ei •.her . .
cal oul;:t-ion or ),y trial and error, th,:t the tracer oil the stria
chi:r. t cover cl a:;e to the full :scale rari^y c on the st. i F) c1:i:r.:.
recorder, and 9-ai juc:t. the strip chart r(xoroor speed so that at
least f i.vc inchr:s of strip chiirt: paper are required to recerc the
accelerate on/ci.^cc:leration transient.
Setup thc, rata	 to accel err.t.e to rater and c:c_cel (­l rC..t_c to
rated a ­. incl. ?.cziILA-0 • n tllc cli	 s	 '	 ' l	 ^	 ^^	 _:ti.t ,hcGt:.	 I1lt,c) , ^u 1	 lic S	 i' C:
recorder on jllSt Prior to i lli ti at i lacs tl:C i:CCI'l Cl ii^1G7/(^GC^1 C!':.^.:C'
t:ri.:n!AL1lt, and turn the strip chart recorder off a: ter t::c 
has subsi0eu prior to setting up for the next: c;:ep er-
fori.L all of "HIC tests i lldicZ:t.C:d, and record t:he valu,.a on the c'.i_t
sheet.
5) t`:c.i_sure the rate voltage vcrsu S  tiMO slope in o:-ccr to dater-:i:,c
t-he acccle:r_ati on from the torque or current. ch-_rinel .
f) l:ear ;urn and record the vol t p ge across -.:he curr ci -it vi: l« J lr j rb^ : `"_
during tllc accclerat:i on t_rannient:.
7) Determine, the ma g nitvOr . of the current ]..unit h^? dividing t':e
of the current. sarnplinc; voJ tay. e o})tLine d by the value o ; he
currant. >i.°plilu{ resi5 l'.or, aria co:al;Z_.'c• it to the val":e t	 i^
supposed to be set.
li)	 Calculat:e. the Peak acc-clerF:tion i:'.Cl stall i_-ccelc_ration r'rc-.v `tile.
formulas sh0% . n in tho, attached !'inure, using citht,r t'.0 <<:te= o•:
t -i.me or (vol t i:c;c over time) scale factor mothod for(t.'hichcVu	 is ] , lost co:l^ en^.c::t) .
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SECTION III
MECHANICAL ACCEPTANCE TEST PLAN
f	 (I17 PROCESS TESTS)
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Instrilment:	 160--00f6 6;f?-
Unit:	 Shop Order: 1, I 
Customer_:	 IMW11 1141L.ty•
Specification Requirement:
AUTDC0111 i/il'On
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Task
41 Determine the perpendicularity error betweeri two intersecting gimbal axes.
Test Setuo
l Set up an autocollimator or theodolite with an autocollimating eyepiece uith a
resolution of 0.2 arc Seconds minimum,Such that autocollimation c^u'n be es.Gcl`-s-:
ith themirror
mirro r
 placed on the center of the inner.axis. Mount an adjusta:;1_
double	 eTuo tor on the inner axis and align it perpendicular to the axe surfac
of	 to o l ing mirrors are to be used if the shaft does not have a
central perforation.
Te st Procedure„
Establish autucolliMation and measure and record the shnfi; direction in t`= c-
ordinate parallel to '-he outer axis.^ u' i tself ICY .Rotate th- inner axi  ab
Measure and record Vie shaft direction. Rotate the innc:r axis about the rf __
axis 180` and measu.-e and record the shaft direction as above. Rotate the
axis about itself 180 0 and measure the shaft direction. Repeat each neasu.-e-
3 times.
Data Reduction
Average the readings-at' the first two sets of measurements. Average the rse '_--_
of the second two sets of measurements. The angular difference batt^ean the
averages equals 2 tines the-orthogonality error £.
nu •rr-72 A.k f_, n°	 e S-M-Iu e4.! !.-?=.w	 / IM 
ANGULAR POSITION OF THE INNER A%ISOIrRG-r Axis at D 0 GAA^^ Axis at 1800
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n 2
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100 0 f I o1 I	 W / luDO From y`i
Start Po_ - Start Pos.
Avg	 1.- Seth ^S,4 Avg 2. Set
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At I	 5 A , A,'L.Start Pas. "	 ^^ o Start Pos. o /^	 1
Inner Axis •/ 
_
Inner Axis -/-9-•3
180 0 From 18O° Fron
St<:rt Pos , Start P c°,.
Avg	 1.	 Seti Cj Avg 2. :yet
Difi'.	 8 r, twacn Averages = 2 ^_	 - E, Io:,;
A. 112 nvcraga M. tho on I I	 ty Error 'Z-- O/	 me Sec
3 -7
C e ^^.+
.
u	 .
_	 {,	 []y(.	 1 eu	 a	 es..^I ^ f1C u.iCd	 ^13 CY /.D Z^ ^Z tnG.•^Cdcos a	 ( I+U:itO C;7 C 1') y Fnfrc
^;. 7 <'.l 'y3 ^
^'r'I	
f	 f	 Y tl. I r	 ^^
s r}	 "	 ',	e'
r
f
n.^-•• 'F Lti /	 hr..
1_.
^__.._....,...._,^ __
,
.,c..a
_.._	 _.:
II
I
g
a
0
0
Instrifmant: 
Unit:	 Shop Order: 0-7119Customer:	 IJf+t,-,l0.-- r,,#,MP : 14rtt1 IC)UTCR AX{S
N 
Specification Requirement:
S.L. r^:
1RIGINAL PAGE M
JF P09R QUALM
=
AUTO COL[ l kf ArOtt /
t
^1NNEn AVIS
1	
p--
OR7"I{OG Orr^ tree
,cnrao^ E
Task
Detcrmine the perpendicularity error bee.-en two intersecting gimbal axes.
Test Setuo
Set up an autocollinator or theodolite with an autocollimating eyepiece with a
resolution of 0.2 arc seconds mininum,such that autocollimation can be establis-
ed with the mirror placed on the center of the inner axis. Mount an adjusta:-I=
-double surface mirror on the inner axis and align it perpendicular to the axis
of rotation.- Tuo tooling mirrors are to be used if the shaft does not have a
central perforation.
Test Procedure.
Establish autocollimation and measure and record the shaft direction in the cc-
ordinate parallel to the outer axis. Rotato the inner axis about itself 1cu=.
Measure and record the shaft direction. Rotate the inner axis about the outer
axis MO D and measure end record the shaft direction as above. Rotate the in^e.
axis about itself MO D and measure the shaft direction. Repeat each measure-r,.
3 times.
Data Reduction
Average the readings of the fist two sets of measurements. Averaee the
of thee second two sets of measurcnents. The angular differance between th =- t:.c
averages equals 2 times theorthogonality error £ .
I
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ANGULAR POSITION OF THE INNER AXIS
Outer Axis at O°	 Outer Axis et 100°
Inner Axis •	 to-7 Inner Axis I	 f^.`^
-fs^iLAt AtStart Pos. Start Pos.
Inner Axis a tInner Axis	 1^•^
!	
!t`
100° from MOD From
Start Pos. 4 Start Pos.'f	 .sW
Avg 1.	 S eth II,Ca^5 Avg 2.	 Set i	 f	 c
Difr. 0atween rvernred = 2c.
AFlGULAR POSITIGN OF THEs .:•:^R
Outer Axis at 0 0 	Outer Axis at
Inner Axis ! —.. - Inner Axis II--_..—
At I At
Start Pos.
^	 .
^-
Start Pos.
Inner Axis!---.- Inner Axis].4O° From 180	 Fi`o-m	 iStart Pos. ` _" Start PLO.
Avg 1. Set s IRV9	 2.	 Feet;
Diff. 0etw.n en Avor;.igv = 2i
0
0
1{
0
Average M, thogenaliLy Error c :a'_21 , Arc Svcs
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INSTRUMENT:
UNIT:
SHOP ORDER: 
—AlLa-24
CUSTOMER -
NOTES:
SPECIFICATION:
nn-mights
Duw y Load
Wilt AXIS
PROCEDURE: -
Adjust, add, or subtract counterweights as required to count-ci-
balance the axis within the specified value. F x X 111LISt be less
than specified value.
RESULTS:
DUMMY LOAD:
WEIGHT:
DIMENSIONS:
PY
Lj
t5
Wi
W,
TEST SET-UP
spring
Scale
EQUIPM—NT:
sjprina Scale
I ghts	 I
y Load
TI.Lu Axis
TEST SET- UP
Spring
Scale
EQUIPHENT:
Spring Scale
V_^ -
I
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UNTBIWALANCL	 ST11-14-2261
INSTRUMENTt _*1L[=A lie
UNIT:
SHOP ORDER:'
CUSTOMER-	 (v
NOTES:
SPECIFICATION:
PROCEDURE
Adjust, add, or subtract counterweights as requircd to counter-
balance the axis within the specified value. F x X must be less
than specified value.
RESULTS:
DUMMY LOAD:
	
r: iu,^
WEIGHT:	 X:
DIMENSIONS:
	 UNBALA14"B	 F • X
VAGE
OF
mveights
Dummy Load
Wilt AXIS
F:
X:	 Z
UNBALANCE = F :: A.0
Eli
[ ^	 d PAGE	 t7,	 or
Coo i Lravo:: —GrjurI
Corpoa a l inn	 COUNTI"IWALANCH	 --
INSTRU1 8NT :
L)
UNIT:-_-	 _
SHOP ORDER:
CUST014ER:
NOTES:
SPECIFICATION:	 4Y d P G V	 -^ J+-^
TEST SET-UP
q_U
Spring
Scale
EQUIPMENT:
l	 Spring Scale
PROCEDURE: .
Adjust, add, or subtract counterweights as required to counter-
balance the axis within the specified value. r x h must be less
than specified value.
UJ
RESULTS:
i
DUMMY LOAD:
WEIGHT:
„	 DIMENSTONS:
